Final Exam Solutions Bilkent University
Spring 2023 Phys 316

1.(a) We will use V- M = —p,, and M - = 0,,,: Noting that 8/8z[xv/22 + y? + 22| = 22/r + 7,

we have V- M =V - Brr = 40r = 48r = —p,, and a surface charge density o,, = M - n|lr = BR?
(b) This magnetic charge density results in (from Gauss’s Law)

JHAS = [ ppudir = HAzr® = — [T(46r)(4xr2)dr = —1657(1*/4) = H = —pr?# for r < R and
Hinr? = — [[(4Br)(4nr?)dr + B4nR* = 0 for r > R (The volume and surface contributions cancel.)

(¢) We then have B = yi,(M + H) = 0 for both inside and outside the sphere. This is a peculiarity of
the sprerically symmetric geometry. (This result is more readily apparent if you consider the “bound

currents” associated with the magnetisation: The current densities fb =V x M and }?b = M x n|s
are both zero.)

2.(a) The surface current is K = ov = owR. The field inside the cylinder will be axial and have the
magnitude B = pu,K = p,0cwR.

(b) Magnetic flux ®p will be Brr? inside and BmR? outside the cylinder. The induced EMF ¢ (at
radius R) will have the magnitude ¢ = (2rR)E = d®p/dt = (p,0aR)(nR?*) = E = p,0aR?/2.

(c) Torque will be equal to the moment arm distance R times the total charge at R multiplied by
the induced electric field: 7 = R(027RL)(p,0caR?/2) = np,aR*o?L.

3. In the S’ reference frame, on the 2’ axis, there is only a magnetic field in the ¢ direction: Ampre’s
Law implies B = pu, I,y /(2nx’)
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We also have <c;: ) :7< —ﬂi =8 )(Ct>:>x’:7(—cﬁt+x):7(x—vt)

X

We then have a magnetic field B, /p, = v1,/(2m2") = v1,/ 27y (z — vt)] = By, = pol,/[2n(z — vt)]

and an electric field ce, B, = —v31,/(212’) = E, = I,(8c)(1/c%¢,)/(x — vt) = Lvu,/(x — vt)



